INTRODUCTION
The aim of this paper is to show the practical application of risk analysis, according to Vieira (2005) , considering the case of public reservoir President Juscelino Kubitschek de Oliveira, popularly known as Orós. The dam is located in the municipality of Orós, Ceará state, northeastern Brazil, barring the river Jaguaribe, in the subbasin of the Upper Jaguaribe, and one of the most important rivers of the state, draining an area of approximately 25,000 km 2 . River Jaguaribe has as major tributaries the rivers Jucás, Bastiões, Cariús, the stream of Conceição and others, whose waters flow into the Orós reservoir, one of the largest in the state. To simplify we did not consider the influences of other tributaries in the scenario, that will certainly influence the operations of the dam. Due to the antiquity of the reservoir, we had certain difficulties in the recovery of original design and subsequent data collection, which has led us to minimize the effects of some variables in the calculations and simplification of the scenario. We also updated hydrological data flow affluent, if compared to the original project (year of 1912 to 1934) . The project used data flows and the empirical limnimetric formulas according to Aguiar (1978) , subsequently checked with the Elman neural networks, as well as some analysis about the empirical formulas used to verify data consistency.
The dam Orós is located in the municipality of Orós, faraway 450 km from Fortaleza, capital of Ceará state (Figure 1 ). The basin covers an area of [405] [406] [407] [408] [409] [410] [411] [412] [413] [414] An Acad Bras Cienc (2013) 85 (1) (Araújo 1990 Around the year of 1957, Arthur W. Schneider made further lithological and structural studies, with polls indicating a strong presence of rock, sand and clay in the vicinity, prompting even the consultant, Casemiro José Munarski, suggesting the final project. Economic reasons and availability of equipment induced by dam Araras, recently completed, led the construction of a dam on zoned land. The beginning of its construction date of 1958, when the foundations were dug. It suffered a series of stoppages, and in January 11, 1961, it was then inaugurated by the President Juscelino Kubitschek de Oliveira (Araújo 1990) .
The dam Orós consists of a mass of land zoned, with an impermeable clay core, followed by upstream and downstream sections of sand covered with riprap. It consists of a landfill whose crest is at elevation 209 m, with a crown width of 10 m. The upstream slope is 1V: 2.5H elevation to 180 m, continuing with 1V: 3H to the base. It is the downstream slope of 1V: 2H to elevation 180 m, and 1V: 2.5H to the ground surface.
The spillway, the object under study, designed by the Laboratory Saturnino de Brito, is part of a sill, bent axis and 180 m wide, divided by 13 pillars spaced about 14 m axis to axis, with span of 160 m, built to support future floodgates that would increase to 4 billion cubic meters of its maximum accumulation capacity. The channel aspect ends up a ski jump with variable section in Creager profile, and flow control is not performed for lack of gates, in other words, free-flow.
MATERIALS AND METHODS
The rainfall patterns were defined using data from rainfall stations located in the watershed of the reservoir, covering the period 1912 to 1934. Flows were determined from limnimetric data discharge measurements and the formula of Aguiar (Aguiar 1978) . The summary of the technical characteristics is given as Table I and Figure 2 .
The installation of the spillway is divided into 12 spans of 13 pillars, each one could be closed by radial floodgates. The threshold of the spillway is at elevation 199.50 m, and it was built wide, providing (Araújo 1990 ).
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ADBEEL GOES FILHO for the placement of radial floodgates and "stop logs". Thus, it does not have the ideal size, from the standpoint of a hydraulic threshold spillway. For this reason the check was made in the design calculation according to two different methods:
1. Calculation according to the formula of discharge based on a discharge coefficient μ = 0.55 for ridges in a broad, flat and round:
(1) 
Calculation for large dam crest (according Rehbock):
The hydraulic design made use of the following formulas:
(2) To check the flow capacity of the second crest (elevation 209 m) that, for not having more data about, proceeded to a preliminary examination of the profile constructed.
Thus, for this reason, it was taken as an ideal profile based Creager and Justin, for a load of spillway 9 m. The comparison with the run in the spillway had a relatively good agreement.
To calculate the discharge coefficient for different loads and the spillway discharge was adopted a fillet radius r = 6 m. The calculation was made with the formula of Rehbock:
Where: μ is the discharge coefficient; h the load chosen spillway; r the fillet radius and p the water depth in front of the spillway.
CALCULATION OF RELEASES TO DIFFERENT LOADS OF THE SPILLWAY
According to the formulas:
The load of the spillway h = 9.0 m for Q = 5,200 m 3 /s was obtained from the data discharge.
The pool of water directly above the threshold is approximately 7.4 m. The safety gap in relation to the crowning of the side walls will be about 8.5 m, in the case of storage without wave formation. According Creager and Justin (Aguiar 1978), the ideal profile of the hydrological point of view, with a load of spillway 7.4 m. We found a good agreement between the two profiles.
HYDRAULIC PERFORMANCE CONSIDERATIONS
We consider a performance-function which is represented by the difference between the maximum depth of the spillway flow (design) and calculated for maximum influent flow:
Where: h = function (Q, μ, b, R); H adm the maximum permissible water depth design; R is the damping coefficient of the reservoir.
The full study of the project (Ceará 2000) led us to obtain the basic variables considered random, statistically characterized as Tables II and III. ADBEEL GOES FILHO Where: DS the statistical distribution; CV is the coefficient of variation (Standard deviation / Average) according with Ang and Tang (1984) that define probability as a probabilistic measure of security of a system; Gumbel distribution according with Villela and Mattos (1975) . 
RISK ANALYSIS CONSIDERATIONS
According to Molak (1997) , risk analysis is defined as "a body of knowledge that evaluates and determines the probability of an adverse effect of an agent (chemical, physical or otherwise), industrial process, technology, or natural process." It comprises two steps: the quantification or identification and quantification of risks or risk assessment. The first refers to the knowledge of these uncertainties and the types of risks, because of their form and occurrence, usually by assigning values in cognitive scales. The quantification and risk assessment, involving the calculation processes and resulting analysis of the components in the study environment. This analysis leads to risk management, with the conclusion of the behavioral attitudes of the decision-makers agents, also considering a whole systems analysis, within deterministic and probabilistic approaches. Several numerical methods are available in the technical literature, however, for this work, we chose some with different complexities, which are considered appropriate for the case studied:
Monte Carlo simulation.
It is a very simple method, useful in cases of non-linear functions systems. According to Ang and Tang (1984) , it is advisable in cases of impossibility of an appropriate analytical solution. It consists in generate simulations from their probability distributions, sets of values Xi, in order to calculate a set of values of Z, considered the performancefunction, ie, Z = C -B = g(X i ), i =1,...,n.
Where: C is the cost; B the benefit; g a multivariable function. The probability of failure is then assessed by the total of negative values of Z, and Z number of events generated: PF = NZ <0 / NZ.
PEM (Point Estimate Method).
Emerged to simplify, bypassing the difficulties of determining the function-performance derived, by the development of Taylor series, used by class methods FOSM (First-Order Second-Moment).
RISK ANALYSIS IN THE DAM ORóS
Its main characteristic is the analogy between probability distribution and vertical distribution of loads on a rigid system.
AFOSM (Advanced First-Order Second-Moment).
According to Vieira (2005) , AFOSM is a method that consists in the development of performancefunction Z = g(X i ), through its expansion in Taylor series around the point X i , on the surface of failure, rather than considering the midpoint (μX i ).
Where: g is a multivariable function. All methods used were implemented computationally with due consideration, aiming at a fast view and analytical of the various scenarios evaluated. 
RESULTS
The results were obtaining from computational processing, according with formulas previously presented and shown in Tables IV to VII. The main risk formula used is:
Where: Z is the performance function; Hadm the allowable water depth (m); f is a multivariable function; b the free length of the spillway (m); R the damping coefficient; Q the flow (m3/s); SD the statistical distribution; Var is the variance; Sd the standard deviation; CV the coefficient of variation; K dimensionless index; Risk is the risk index. 
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DISCUSSION
While reading the bibliografic material, the subject "risk" is approached several times, but always in reference to traditional empirical formula and no further details. The formatting of the project did not consider the techniques of risk analysis, by the time they were prepared: designers depended basically on their experience and sensitivity.
After computations more accurate and more appropriate models and methods, we found that increased security considerations were used, and it was proven by the calculations made in the various scenarios evaluated, a percentage of low risk in relation to overcoming the water depth spillway in the original. The Table VIII Where: PEM is the "Point Estimate Method"; AFOSM is the "Advanced First-Order SecondMoment" method; b the free length of the spillway (m); Hadm the allowable water depth (m).
In the same Table VIII , we see that the risks to overcome the water depth of the project are almost insignificant to the current reality. With the considerations in setting the existence of floodgates in various settings (opened and closed), as well as a higher influent flow, is expected to be a significant increase in indicators of risk.
For this work expansion, within a strategic vision, we suggest a study to assess the need for placement of floodgates in the dam, since it would improve the ability of the reservoir to 4 (four) billion cubic meters, nearly doubling the maximum amount accumulated, naturally necessary to human needs in the near future, within the context of global climate changes.
RESUMO
Este trabalho apresenta a aplicação prática de conceitos, e alguns métodos de análise de risco, para verificar a pos- 
